The applicability of bovine autosomal microsatellite markers for population genetic studies on African buffalo was investigated. A total of 168 microsatellite markers were tested for PCR amplification on a test panel of seven African buffalo. Amplification was observed for 139 markers (83%), and 101 markers were studied further with 91 (90%) being polymorphic. The mean number of alleles per marker was 5 . 0 (SE = 0 . 2) and the mean heterozygosity per marker was 0 . 61 (SE = 0 . 03). Considering the overall high level of polymorphism, it was concluded that most bovine microsatellite markers are applicable in African buffalo.
African buffalo (Syncerus caffer) has a wide geographical distribution, historically inhabiting nearly the whole of sub-Saharan Africa. In many localities it is present at high population densities. Since 1889, buffalo has suffered from rinderpest epidemics and habitat fragmentation (Sinclair 1977; Plowright 1982; Scott 1990; Prins 1996; Shigesada & Kawasaki 1997) . As a consequence population numbers have declined and the distribution of most populations is at present restricted to protected areas.
Studying the genetic status of African buffalo populations can make a major contribution to an effective long-term management of this species, by giving new insights into the population dynamics and the effects of population bottlenecks and habitat fragmentation on genetic diversity.
Due to their high polymorphism, microsatellites which consist of tandemly repeated short DNA sequences, have proved to be sensitive markers for population genetics studies (Bruford & Wayne 1993; Avise & Hamrick 1996; Smith & Wayne 1996) . Several studies have shown that repeat-flanking sequences of microsatellite markers are often conserved between related species, allowing cross-species amplification (Schlo È tterer et al. 1991; Moore et al. 1994 ; Kemp et al. 1995; Levin et al. 1995; Moore et al. 1995; Pe Âpin et al. 1995; Rubinsztein et al. 1995; Liu et al. 1996; Primmer et al. 1996) . However, it has also been shown that homologous markers tend to be shorter in related species, are less polymorphic and have a higher fraction of null alleles (Ellegren et al. 1995; Pemberton et al. 1995; Pe Âpin et al. 1995; Rubinsztein et al. 1995; Brookfield 1996; Primmer et al. 1996; de Gortari et al. 1997) .
Specific microsatellite markers for African buffalo have not been developed. However, a large number of microsatellite loci have now been characterised in domestic cattle (Barendse et al. 1997; Kappes et al. 1997) . Two recent population genetic studies have used bovine microsatellite markers on African buffalo (O'Ryan et al. 1998; Simonsen et al. 1998) . However, the number of markers studied was small and no data are available on the general applicability of cattle microsatellite markers for population genetic studies on African buffalo.
In this study, bovine autosomal microsatellite markers were tested for Polymerase Chain Reaction (PCR) amplification in African buffalo. In subsequent studies, a subset of these markers will be used to study the genetic diversity of African buffalo populations.
Seven African buffalo from Serengeti National Park, Tanzania (two females, one male, one of unknown sex) and Kruger National Park, South Africa (two females, one male) were used as a test panel. A male F1 crossbreed between a male N'Dama (Bos taurus) and a female Kenyan Boran (Bos indicus) was used as a positive control. DNA from African buffalo was isolated from skin using Gene Pure Kit (Gentra Systems). International Livestock R e s e a r c h I n s t i t u t e (ILRI), PO Box 30709, Nairobi, Kenya A F GroenPCR was carried out on 20 ng of genomic DNA in a 10 ml reaction. All microsatellite markers were polymorphic and autosomal in cattle (references detailed in Table 1 ). Amplification was achieved over 30 cycles, with an annealing temperature of 55°C, unless otherwise indicated. PCR's were carried out using a PTC-200 PCR machine (MJ Research). One of each primer pair was fluorescently labelled. Three marker sets were used: (i) A set (n = 87 (M)ILSTS markers) developed at ILRI. PCR amplification was carried out in 125 mm of dATP, dTTP, dCTP and dGTP, 10 mm Tris±HCl pH 8 . 3, 50 mm KCl, 0 . 001% Gelatine, 0 . 025% Tween-20, 0 . 025% Nonidet-P40, 1 . 5 mm MgCl 2 , 0 . 5 units Taq polymerase and 1 . 6 ng/ml of each primer (Kemp et al. 1995) .
(ii) A set of commercially available markers (n = 11, StockMarks TM Kit, Applied Biosystem, see A total of 168 autosomal bovine microsatellite markers were tested for amplification (Table 1) . Twenty-nine markers (17%) failed to amplify in African buffalo. A total of 101 markers were further analysed for polymorphism. Ten markers (10%) were monomorphic. The mean number of alleles was 5 . 0 (SE = 0 . 2) for all markers, and 5 . 5 (SE = 0 . 2) for the polymorphic markers. The mean observed heterozygosity per marker was 0 . 61 (SE = 0 . 03) for all markers, and 0 . 67 (SE = 0 . 03) for the polymorphic markers. Amplification results and allelic diversity are detailed in Table 1 . A comparison was made between amplification characteristics of microsatellite markers in different species of Bovidae with primers originally developed in cattle (Bos taurus). The results are shown in Table 2 . A higher fraction of the bovine markers amplified in African buffalo, Bali cattle (Bos banteng) and water buffalo (Bubalus bubalis), which belong to the same subfamily Bovinae, compared to goat (Capra hircus) and sheep (Ovis aries), which belong to the subfamily Caprinae. In addition, more markers were polymorphic in cross-species amplification of Bovinae compared to Caprinae, with the African buffalo showing the highest proportion of polymorphic markers.
The mean allele size per marker in buffalo and cattle was estimated averaging the largest and smallest observed allele size. In cattle, data were derived from 20 individuals of Bos taurus (N'Dama & Friesian) and Bos indicus (Boran and Zebu) for the (M)ILSTS markers (Kemp et al. 1995; ILRI unpublished data) , 17 individuals of Bos taurus (Holstein) for the markers from the StockMarks TM Kit (Perkin Elmer, product information) and 68 individuals of Bos taurus (Japanese Black cattle Wagyu) for the other markers (unpublished data Shirakawa Institute of Animal Genetics). The mean allele size per marker was strongly correlated between cattle and buffalo (r = 0 . 97), which is a strong indication that homologous loci were amplified in African buffalo. The mean allele size per marker 
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Microsatellite markers for population genetic studies in cattle was 165 . 0 bp (SE = 4 . 9) while in African buffalo it was 160 . 8 bp (SE = 4 . 9). The difference of 4 . 2 bp was highly significant (P = 0 . 001, t-test for dependent samples) and varied with the level of polymorphism in African buffalo. Markers with fewer than six observed alleles in buffalo were 8 . 3 bp (SE of per locus difference = 1 . 8, n = 57) shorter than in cattle whereas loci with six or more observed alleles were 1 . 0 bp (SE of per locus difference = 1 . 4, n = 44) longer. The difference between these two groups of markers in buffalo was highly significant (P = 0 . 0001, two tailed t-test with separate variance estimates). The difference in marker size between buffalo and cattle was of the same order as observed between sheep and cattle (2 . 3 bp, SE = 1 . 3) using cattle markers (de Gortari et al. 1997) and between chimpanzees and humans (8 bp) using human markers (Rubinsztein et al. 1995) . Ninety percent of the microsatellite markers were polymorphic in African buffalo. This is higher than in other Bovidae when using cattle primers (Table 2) , with the possible exception of Bali cattle where observed percentage was negatively biased due to small sample size. Furthermore, in cattle populations from Africa, Europe and Asia the average observed heterozygosity for polymorphic markers was 0 . 551 (SE = 0 . 004) for 20 randomly chosen markers (MacHugh et al. 1997) , whereas in African buffalo it was 0 . 67 (SE = 0 . 03). Our data are therefore compatible with a larger effective population size in African buffalo compared to cattle. Moreover, the difference in heterozygosity between buffalo and cattle could even be underestimated. This is due to the fact that with cloning procedures microsatellite markers are selected for a particularly large number of repeats, which is positively related to polymorphism, whereas such selection is absent when these markers are used in related species (Ellegren et al. 1995) . In different studies microsatellite markers have been observed to be smaller and less polymorphic in related species, than in the species from which they were originally cloned (Ellegren et al. 1995; Pe Âpin et al. 1995; Rubinsztein et al. 1995; Primmer et al. 1996; de Gortari et al. 1997) . In agreement with this, average allele size in buffalo was significantly smaller than in cattle. Another indication that average allele size is related to polymorphism is the observation that the less polymorphic markers in buffalo had the biggest difference in allele size between buffalo and cattle. This relationship between allele size and polymorphism has also been shown in cattle and humans (Weber 1990; Moore et al. 1994; Vaiman et al. 1994b) .
In conclusion, this study shows that a large fraction of bovine microsatellite markers can be amplified and is polymorphic in African buffalo, and that these markers are applicable for population genetic studies on African buffalo.
